Data have been presented an a group of patients with pure arteriosekrotic beart disease who bad evidence of right ventricular dysfunction manifested by an elevation of the right ventrknlar end-diastolic pressure, abnormal right ventrkmh compliance, redaction of the cardiac index and i n c h incidence of myocardial infarction, known to involve the free wall of the right ventricle. The evaluation of coronary artery cineangiograms was ight ventricular dysfunction is thought to be a R rare manifestation of coronary artery disease.l Abnormalities found are ascribed to left ventricular dysfunction, with secondary effects on the "passive" right ~e n t r i c l e .~ Myocardial infarction of the right ventricle has been reported separately as an interesting pathologic c~riosity'.~-~ and is said to occur in 7 to 14 percent of patients dying with arteriosclerotic heart disease.8 In autopsy series in which right ventricular infarction was specifically sought, however, the incidence of involvement of the right ventricle by contiguous spread from the anterior or posterior left ventricle was reported in 20 to 34 percent of ca~es.~.'~-'~ Isolated infarction of the atrium and right ventricular free wall without infarction of the left ventricle was also reported on several Several explanations have been advanced to justify the low incidence of transmural right ventricular infarctions, as compared to those on the left: (1) Collateral blood supply to the right ventricle is more extensive than that to the left.9 ( 2 ) The energy requirements of the right ventricle per gram of functioning myocardium are lower than the left, so that similar degrees of ischemia are better tolerated without infarction.18 (3) Portions of the right ventricular myocardium can be nourished directly through the thebesian vessels not present on the left. ( 4 ) Coronary flow to the right ventricle is systolic and diastolic, whereas it is primarily diastolic on the left.13.14 (5) A combination of some of the above 
occur in 7 to 14 percent of patients dying with arteriosclerotic heart disease. 8 In autopsy series in which right ventricular infarction was specifically sought, however, the incidence of involvement of the right ventricle by contiguous spread from the anterior or posterior left ventricle was reported in 20 to 34 percent of ca~es.~.'~-'~ Isolated infarction of the atrium and right ventricular free wall without infarction of the left ventricle was also reported on several Several explanations have been advanced to justify the low incidence of transmural right ventricular infarctions, as compared to those on the left: (1) Collateral blood supply to the right ventricle is more extensive than that to the left.9 ( 2 ) The energy requirements of the right ventricle per gram of functioning myocardium are lower than the left, so that similar degrees of ischemia are better tolerated without infarction.18 (3) Portions of the right ventricular myocardium can be nourished directly through the thebesian vessels not present on the left. ( 4 ) Coronary flow to the right ventricle is systolic and diastolic, whereas it is primarily diastolic on the left.13.14 (5) A combination of some of the above factors may be operative. ' It is surmised from a number of observations that the right ventricle continues to function well even when extensively infarcted.".15-l6 Isolated right ventricular infarction was shown to be insufficient to produce elevation of the various pressures and incapable of producing the clinical syndrome of congestive heart failure. For some right ventricular function could be ignored, when evaluating patients with arteriosclerotic heart di~ease.~.'~ Right ventricular infarction can not be detected electrocardiographically when isolated or as an extension of left ventricular infarcti~n.~.~*".l~-~ Our interest in right ventricular dysfunction was prompted by the finding of clearly elevated right ventricular enddiastolic pressures in patients with proved arteriosclerotic heart disease who did not manifest concomitant elevations of left ventricular end-diastolic pressure or suffer from pulmonary hypertension from other causes. In an attempt to determine what possible features distinguished these patients, we reviewed all clinical and hemodynamic data in 100 consecutive patients with coronary disease.
Evaluation included complete history and physical examinations, 12-lead electrocardiogram and posterior-anterior (PA) and lateral chest x-ray films and complete right and left heart catheterizations including left ventricular and coronary angiography. Cardiac catheterization was conducted in the postabsorptive state under light diazepam sedation. Hemodvnamic measurements were obtained with balanced . .
!$atham PD-23 transducers and recorded on an Electronics
*~~~S~~~~e " , &~b o~, " ,~~~~~$ , " $~ of us and interpretation of angiograms was made by two independent observers. Significant coronary artery obstruction was assumed to be present when there was greater than 60 percent luminal narrowing. Note was also made of the arterial supply to the posterior, anterior, and free wall of the right ventricle. Electrocardiograms were interpreted using standard criteria. PA and lateral chest films were interpreted independently by a radiologist without benefit or knowledge of the clinical situation. Patients were considered to have chronic obstructive pulmonary disease when the following criteria were present: ( 1 ) clinical history of chronic pulmonary symptomatology; ( 2 ) electrocardiographic findings characteristic of chronic obstructive pulmonary disease; ( 3 ) classic evidence of cardiopulmonary disease radiographically, and ( 4 ) moderately severe abnormalities on pulmonary function testing.
Of the original 100 patients, 24 were eliminated because of mixed heart disease. An additional 11 patients were excluded because they fulfilled the criteria for chronic obstructive pulmonary disease. The remaining 85 patients were divided into four subgroups according to their ventricular enddiastolic pressures. Group 1 included 17 patients with normal end-diastolic pressure in both ventricles, ie, left ventricular end-diastolic pressure of less than 12 and right ventricular end-diastolic pressure of less than 6 rnrn Hg. Group 2 included 13 patients with right ventricular pressures greater than 6 mm Hg and normal left ventricular end-diastdic pressures. Group 3 was made up of ten patients with left ventricular end-diastolic pressures greater than 12 mm Hg but normal right ventricular end-diastolic pressures. Group 4 comprised the remaining 31 patients with bilateral elevation of the end-diastolic pressures.
The pure arteriosclerotic heart disease subgroups are depicted in Table 1 . When elevation of the right ventricular end-diastolic pressure is used as a measure of right ventricular dysfunction 20 percent of the entire group is affected. Patients with mixed heart disease were excluded, as well as those with left ventricular dysfunction, groups 3 and 4. Patients with chronic obstructive pulmonary disease were also eliminated.
The average age of the entire study group was 40.9 years, with a range from 35 to 68 years. The lower end of the age range in the right ventricular dysfunction group is below that of the combined failure group, which could be explained if some patients progress from group 2 to group 4 as they get older. Table 2 depicts the distribution of patients in the four subgroups according to clinical classification. The average cardiac class for group 1 was 2.6; group 2,2.7; group 3,2.8 and group 4,2.9.
Hemodynarnic differences among subgroups are depicted in Tables 3 and 4 in detail and are summarized in Figure 1 . Patients with right ventricular dysfunction (group 2 ) do not have elevation of the right ventricular end-diastolic pressure attributable to pulmonary hypertension or elevated pulmonary capillary wedge pressure. The pulmonary artery pressures for all four groups are depicted in Figure 1 and reveal that the range of pulmonary artery pressures in the right ventricular dysfunction group is normal.
The elevation of right ventricular end-diastolic pressure cannot be attributed to an elevation of left ventricular end-diastolic pressure for this is also normal. The left ventricular end-diastolic pressure for the four subgroups is also depicted in Figure 1 . The right atrial pressures are higher in the right ventricular dysfunction group than groups 1 or 3; groups without right ventricular dysfunction, suggesting that the right ventricle in group 2 is less compliant, presumably due to ischemia.
Utilizing the Forrester and Diamond equation, in which compliance = end-diastolic pressureend systolic pressure stroke volume (Table 3) , the mean right ventricular compliance in group 2 is higher than that in group 1 or 3, which compliance = end-diastolic pressure -stroke volume (Table 3) , the mean right ventricular compliance in group 2 is higher than that in group 1 or 3, thus confirming an abnormal stiffening of the right ventricle. Table 4 summarizes all hernodynamic findings of patients in group 2.
The cardiac index (Fig 1) for each of the subgroups suggests that low cardiac output is a further consequence of right ventricular dysfunction when compared to the patients with normal end-diastolic pressure in both chambers.
An analysis was then made of the incidence of s i m c a n t coronary artery obstructive disease with respect to possible impairments of blood flow to the anterior or posterior right ventricular musculature (Fig 2) . The overall incidence of significant coro- It is obvious that the incidence of si@cant left anterior descending disease is a high in group 2 as in the other groups. In group 2 the incidence of impaired blood supply to the anterior wall and the posterior wall was not different statistically.
As an indication of severe ischemia the distribution of myocardial infarction diagnostic by standard electrocardiographic criteria is depicted in Figure 3 . The incidence of myocardial infarction in groups 2, 3, and 4 is significantly different from group 1. There were no significant intergroup differences. The incidence of infarctions known to extend in some cases to the right ventricular anterior or posterior wall was higher in group 2 than in any other ( Fig 4 ) . Electrocardiographic evidence of myocardial infarction was present in 12 of 13 patients of subgroup 2. The exact distribution was not dissimilar to that in the other subgroups although the fact that only one patient had evidence of right ventricular dysfunction without electrocardiographically diagnostic myocardial infarction was noteworthy. tion and, specifically, right ventricular failure has proved valid clinically and hemodynamically in patients with mitral stenosis due to rheumatic heart disease, in various types of congenital heart disease and acquired heart disease, including cor p~l m o n a l e .~~ A common feature of right ventricular failure in these diseases was elevation of the pulmonary artery pressure and/or right ventricular outflow tract obstruction. Right ventricular failure can occur without increased pulmonary artery pressure or outflow tract obstruction in ischemic, infiltrative or dystrophic process which affects the heart as a whole. Coronary arteriosclerosis is known to involve arteries supplying blood to both the right and left ventricles. Elevation of the right ventricular enddiastolic pressure with acute myocardial infarction without hypertension or elevation of the left ventricular end-diastolic pressure was r e p~r t e d .~,~~,~ Moreover, unexplained discrepancies between central venous pressure lines and pulmonary artery pressures in acute myocardial infarction, in coronary ischemia and in other clinical settings suggest a separate right ventricular competence f a c t~r .~.~~ Some clinicians may object to the use of the ele- vated right ventricular end-diastolic pressures synonymously with the term "right ventricular failure" or dysfunction.
The concept of isolated right ventricular dysfunc-
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It is apparent from recent investigations that the end-diastolic pressure reflects a combination of factors known to affect ventricular function such as myocardial compliance, circulatory volume, contractile state and impedance to ventricular outThe objection to the use of this measure to imply heart failure in cases of left ventricular hypertrophy, infiltrative myocardial diseases, and constrictive endocardia1 and pericardial diseases is appreciated. Elevation of the right ventricular enddiastolic pressure in these diseases, however, is seldom marked until the patients are clinically symptomatic with features of fluid retention, dyspnea, and easy fatigability, in which case the association remains valid. Our data suggest that isolated right ventricular failure can occur in the setting of chronic, stable coronary artery disease.
The elevation of right ventricular end-diastolic pressure reported in subgroup 2 was not due to an elevation of the left ventricular end-diastolic pressure, pulmonary hypertension from any cause, cor pulmonale or mixed heart disease. Patients with right ventricular dysfunction showed a reduction in cardiac index on the average, in comparison to patients in group l. Coronary artery cineangiograms suggested coronary artery disease, which was as extensive as that in patients with left ventricular failure or biventricular failure. Electrocardiographic evidence of myocardial infarction was almost universally present in distributions known to extend commonly onto the anterior or posterior areas of the right ventricular free all.^.'^ Compliance figures suggest an abnormal right ventricular stiffness in the group 2 patients, which was related by others to coronary ischemia and/or fibrosis in left ventricular CHEST, 66: 3, SEPTEMBER, 1974
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The right ventricle is quite distensible with small increases in filling pressure, when normal, so that "back pressure" from the left ventricle or pulmonary artery would not be expected to elevate the right ventricular end-diastolic pressure unless the right ventricular myocardium were directly diseased. Thus, although all hemodynamic studies were recorded in the resting state, exercise would be expected to alter the right ventricular end-diastolic pressures further.
The analysis of blood supply to the anterior and posterior portions of the right ventricle was of necessity crude because of the limitations in determination in the intact human being. In analyzing significant coronary artery lesions, the assumption was made that obstructions of greater than 60 percent were hemodynamically significant and that the blood supply to a portion of the myocardium is adequate only if it arrives at the capillary bed in the normal antegrade fashion. Schlessinger, Zoll and 0thersl~3~"' have demonstrated that one cannot predict with accuracy the feed artery to a capillary bed in the presence of extensive coronary artery disease by consideration of anatomy alone. But anatomylB is being utilized to evaluate patients for coronary artery bypass operation and surely has some validity. It is fair to assume that blood flow to an area of the myocardium must be reduced considerably before there is impairment in myocardial contractility, with low cardiac work loads. It is not appreciated that myocardial infarction of the right ventricle is common especially when7,l0-l2 anteroseptal and posterior-inferior wall myocardial infarctions readily extend onto the right ventricle. This can be appreciated by considering the blood supply to the anterior and posterior portion of the right ventricular free wall with the different types of coronary artery anat~my.'~,l~,*.~ The right coronary artery, when dominant, supplies the right ventricular free wall on the posterior surface of the heart in addition to the posterior onethird of the intraventricular septum. The left anterior descending branch of the left coronary artery supplies the anterior right ventricular free wall, with the anterior two-thirds being the ventricular septum. There is no significant variability in the blood supply to the anterior portion of the right ventricular free wall despite variations of coronary artery anatomy. Right ventricular branches of the left anterior descending artery are not commonly depicted in schematic drawings of vessels as they appear after coronary cineangiography. This is probably because of their small size, the difficulty involved in separating right ventricular branches from septal branches angiographically and because of the general lack of interest in the right ventricular blood supply.
In circumflex dominant hearts, this vessel gives rise to the posterior right ventricular branches. In the one remaining possibility, a balanced circulation, the right coronary artery supplies the posterior right ventricular free wall but does not send branches to any portion of the posterior left ventricle. The circumflex posterior descending branch supplies the posterior left ventricle in these cases. Infarctions associated with significant coronary artery disease of the inferior-posterior region of the heart will not involve the right ventricular free wall, therefore, in instances of a balanced circulation. (In this study there was no patient with a balanced circulation and isolated right coronary artery disease). One can readily see, therefore, that the right coronary artery and left anterior descending artery provide the principal blood supply to the right ventricle except for the rare case of a circumflex dominant circulation. In patients in group 2, in fact, none had less than 60 percent obstructive coronary artery disease in both the right and left anterior descending coronary arteries. Group 1 included two such patients.
In light of this information, one might predict that with a balanced circulation, normal left anterior descending and circumflex, and total obstruction of the right coronary artery, that right ventricular dysfunction would be evident without a pattern of posterior or inferior wall myocardial infarction. Unfortunately, this distribution of lesions was not present in our study group. One might predict that a nondominant circumflex which is totally obstructed in the presence of a normal right coronary artery and left anterior descending artery, would have normal right ventricular function despite abnormalities or left ventricular function or evidence of infarction.
The combination of diseased left anterior descending coronary artery, and diseased dominant circumflex with normal right coronary artery did occur (patient 5, group 2 ) and would be expected to be associated with right ventricular dysfunction and, indeed, it was.
The existence of right ventricular dysfunction clinically and hemodynamically in coronary artery disease deserves reevaluation at this time. Starr's observation that right ventricular pressure can be generated despite massive infarction of the right ventricle is probably valid as right ventricular contraction, or more accurately stated, systolic reduction of right ventricular volume may be accomplished through geometric alterations in the cavity shape as a result of left ventricular c o n t r a c t i~n .~,~~ Starr's observation of insignificant rises in right ventricular end-diastolic pressure with right ventricular infarction was refuted by recent reportsw and, in fact, was not insignificant in his original r e p~r t s .~.~ The rarity of transmural right ventricular myocardial infarction, particularly of the free wall, is probably a valid observation and is probably re-lated to the unique features of right ventricular blood supply mentioned earlier, although right ventricular dysfunction need not have as its pathologic correlation infarction of the myocardium.
